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..: In 1669, Xi JrL?Ci:lrS ago, in an essay on the usef2lness of natu;,*L k:istor--, 
i . 

J 
. 

: , Robert Boyle, the English philosopher and scientist, v:ho, in addition to his con- 

tributions to physics, studied the chemistry of combustion and respiration, wzote the= 
, r 
pro&tic xords - "He, that thoroughly undevp A~~and~ the nature of ferments and 1 

fermentations, shall probably be much better able than he, that ignores them; to give 

a fair account of divers phaenomena of several diseases (as xe:ell fevers as.others) , 

which sill perk;aps be never thoroughly understood, without an insight into the 

doctrine of fe.-..2entationq" Almost two centuries elapsed before Boyle's prophecy 
,a 

xas fulfilled and its implications realized; b$ the studies of Pasteur"<l1857) on :.: ._ \ 
/' / ' : 'I +:& -; _-.. ,. ., _ , 5 ,;I i, ( $., . . .> : ,I .k,-..' ,,. .,,_, c'.'. 

microbital fermentation. With all the important xork Boyle I* :.. ,. ,, : :tccompl.iahed in @ysics' ‘,'Y: .-., _-. / I 
,,: I , i ,' ..,I,, 

his name is associated especially ljrith .rd.n~:nik&z~) of chemistry */- 
a; :. separate science. 

He ~:as primari&* a chemist; $0 trj, -7,s peL4;,2=. Furthermore, both ~.tn h& adopted r 

/J z physiological attitude o2 :,inC in their eqerimental xork. IndecC, -3y3.e is said 

actually to have carried on ex;peri~.,r.;; on -.--2-~iclogy - a field, k.... t-r, In -::hich 

his biog-*aphers tell us he was hamper& b;r "the tenderness of his nat-.$"L- ,?. his 

consequent dislike of anatomical dissection. Pas-Lear, a chemist by z~ini;::, realized 

insisted that the chemical activities 0," ~~icroorgenisms were but the e;:i;z'e;+-Jn of 
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through no fortuitous circumstance or mere accident then, that microbioiorJ from its 

very inception became intimately linked with chemistry, physiology and medicine 

As Boyle foresaw, it was the insight into the nature of fermentation that 

enabled Pasteur to give a.fair account of several diseacc;; that such diverse 

diseases as those of s&worms, chicken cholera and rabies in man and animals are due 
A 

to living infectious agents as specific in behavior as the microbial agents of 

fercentation are selective iri the type of chemical change they induce. 

It is ::ot my purpose to review{ the historical developments of bacteriology 

or the rapid succe ssion of discoveries that followed the arJrouncelnent of the 

doctrine of fermentation and the germ theory af disease - with these you are all 

AJ 
, 

iq;g 
familiar. 

-i-- 
Nor shall I dvcell upon the brilliant achievements of &Q pioneers w1)5 

I 
I 

i 
I 

bacteriology whose explorations in the field of infection and immunity +SZS disclosed 

I 
I 
i 

the basic principles that underlie modern advances in the medical, agricultural and 
' /- 

)/ i:/ / 
!, soil sciences. But I cannot refrain from yeiterating and again enphasizirg the inter- 

I 

dependence and common interests of these specialized fields; the reciprocal benefits ! . _, 1.1 . . . 
/ ' p "+>;;1 

_.. ~7:."~.‘..~~:-li'~~ J:. 
and mutual enrichments that have accrued from t&& early and increasingly fr~tful‘P~I~,:II,-?~~;::. 

.-. _ _- : . , 

/ . m . union of microbiology with chemistq, &ysio",ogy and medicine. . 

:..-. -- --- . 



of the several fields of bacteriology . . There is a natural preoccupation with the 
/ 

2,: @;I, 1-j: ",I 

subject matter of one's own field; a tendencg;parhaps $ZUX less justified to regzrd 
I / 

his own corner of knowledge es the source and direct&? of all biological thought. Iu’OVi 

I am not indicting ty microX.slogists alone and certainly ot any particular group 

the 
within our organization. In proof of &Wa fact that such tendencise are common to all 

sciences may I X.X+&X recall the words of the president of one of the great foundations 

which distributes &unds for scientific research - ttChoose off the shelves a group of 

learned treatises and sample the prefaces : LIathematics:- it is the queen 02 sciences; 

Physics: - it is the source of the basic laws for the behzV-icr of all matter; Chcm- 
- 

ist--‘_ A.Yr i recent text says, 'Chemistry touches all human interests. It is the - 

central science; Biology,'- it assaults tha greatest myator~ of all the mystery of 
i 

life; Astnccomy:- it has the cosmcs ;;;J 2 terr i A.- ----J for it; kzroic thcx; ?hilosophy :- 

.q ,;.+:, 
- it is an exa;nination 0;' tlie uLtim.%te quest - .' 

dons vhich give life meaning It rinc;."~o';cqn&w ! IL:: 
._I_. . ) 

could expand the list, with brave and startling claims for the ten-Lrcl character and 4 

It is perhaps just as veil th5.t there aas no copJ of a learned treatise on 



graciously says in explanation of these seemingly contradictory and exaggerated claims 

that "they arise partly because of the egocentric character of man, but they are also ' 

due to ivholly selfless enthusiasms, to the concentration to ivhich specialized com- 

d petence naturally 
_.. . . -. .--- _.__-_._ ---*-----~~ __.- __ % d-7 PLC i , 

By way of illustratio;?/may I cite one or two +I: Z&MAY examp1e.s of theAways 
. ..: -. ,, -;.; -2,' in which microorganisms serve as highAy son,, citive reagents for 

1 
51 i:.?portant biochemical ?roblexs in Sscterial 71 and animai &+iologr and IUtt'r~ JOE, .L. *I* _ t 
:* ,; '1" :-: I ., b(( 

Knonlcdge of specific A exacting requirments of various species of 

\_, microorgaksms for vitanines -_-"- --f OIX. the prGthetic : - \~\. t / ,'.. v ; '2 
-;> groups of vital enzyma systems 3~s led to davelopmcn'i of biological ;r,etho& of 
,\.- 

.* I / 

increasing precision for deterainstLon of %h~wf these essential substances 

in aaimal blood and tissues. the coqicte identity of 
.< c‘- 
* ; + I biotin, coanzyma n/and vitalin H ~-as ,--eatlj~ facilitated when instead of the laborious 

I / 



I c_I_--.--_ x.-,? .- . . ..--.. - _ -.._ ,_ _ _ .___. .- -’ ------- _ --_ -._ _l._. _.-.. _ _ - _* ..I ..---. 



t%..ldy of the behavior of microorganisms has greatly aided in the forrrdlation 

of --ai, princi$es that have given nex thought and direction to biochezical investigation, 

. 

Anslyses of certain processes involved in the metabolism of unicellular microorganisns 

'&L ,&& 
ha-"- fJ net e-- -; " A,,lly hclpedAclucidat~, mapy W problems relating to animal and plant 

h) /it, ;,v' >f:!g,,) ,gg 1 
v ;hysioloa, the part bioce-kysts have Zn the chemical events and transformations in living 
n 

ti;;sue C"l-jS _A. . Thus,from these hi&$ .fields there is ssz accumulating a significant 

I ,r .,;-J a. , 
and integrated kp&, of facts which tog&or constitute n'hat is 

'4 
referred to es ll~o,mc~.-~+‘ * I,G"lve 

biochenistrjrrf. This iS @ j&her cviaence of the grou,$ing recognisix: G? the similarit- '/ 

of many of thy princi$es t&L govern the cell-&%r functions 

I / 
: : 

:. 
j 
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- II JLL-p 
as l::eil-/fiGo to the microbe, thou.scientist, consider its -;;ays 

. - -. 
and be 3i:;o. 

. 
During the latter half of the 19th century it was established :kt ;Aants utilize 

/ 

co2 r"or the s-ynthesi- Q of their cell materials, finding the energy required in photo- 

chemical reactions cataly>ed bjr chlorophyl. Animal cells on the other hand, acre known 
/ 

to requira complex organic carbon for the building up of their protop&asm, as sell as for 

all their other biochemical reactions. Tonard the end of the last century (1887) it vas 

:// "' a;hoim that l&e plants certqi:1 bacteria (the &t&~/[~‘:~:to.group) can utilize carbon 
/ / t 

dioxide for their synthetic processes finding their enera in the oxidation of simple 

in0rg;aA.c compounds. On the contrary, like animal cells, heterotrophic bacteria vera 

believed to utilize only organic carbon. Within the past 6 yearslhowever it has been rec- 
/ 

ognized that certain heterotrophic bacteria can in<orporata carbon dioxide into more 

complex orgnnic compoundp* n ", Ior examplcforning succinic acid during the fermentation of 
/ 

glycerol in the presence of carbon dLo;iide. Furthermore it has only racent.1~ been found 
/ 

that the animal organism has to a &;, ;,<; but definite cggree the ?o~er to synthesize 

- orga.;lic compoltids from CO2 - a poser long S.qqOj& 'LO be a peculiar prarodativs of .- ., .j . . .‘ '! ?+z i: . . . .:: , 5s: ‘.. 
‘i 

chlorophyl bet;ring plants. ,s ',,.',‘ I- ‘...":L 
Investigators have injected bicarbonate ccntalnFng.+adid &c2' 



by he-tcrotrophic bacteria and the ~wcent 
) subsq~~~ t'finding of the pxrtici?ation of CO2 i 

in the carbohydrate cycle in animals indicate # that the phenomenon is probe?&- of univor~al 

occurrence. When taken together these interlockin, 7 facts constitute a new and striking 

xarfare against infectious agents of disease lies not alone in 

discovery of ways and me of fortifying the natural and specific defenses of the host,- 

important as these are, 
6/’ 

-but in $3qe concerted effort o&&e ?-rt. ~~cro.b&o.&g~~s to learn 

the vulnerable points, of attack in the structxal and cellular mechanisms by which these 

hostile agents invade and overcome the living tissues of man, animals and ;&ants. 

The importance of . H 'normal and immune reactions of the host I value not less in eqhasizin 

nora on this occasion the significance of 
/ 

gaining deeper insight into the mode of life, 

2ggreSSiOI-i L’eaPOnS and /[j~~/<,-y In the light &f present 

/’ ventwe to @I$. I!: -- - -- - 
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In a rticent report by of the Rf'F.!'!'*ron which I z&&H. quote %ee&, ?Y. 
_. : : 

If // 3 " . ..' 
?aymond B. Fosdick in speaking 0, f Science and the Moral Order expresses in 

weighted vords the ;$.rit of man's search for truth: 

/‘T . ri/ia. Ci!; 

d/ * 

&T* fl*, 7 2-197 4 

2 3 
Pin ppite of t$e claims and accomplishments'~+P Science is'today under 

sharp attack4 The growing public realization that its powerful tools can be used for 

v 
man's enslavement and destruction has given ? ise to bit-&questions and charges; and 

/$ f ;""~ 
we t%& today ofdcivilization betray32 by sciencet and of//a degraded science that 

shirks the spiritual issues and hypno tizes its victims xith its millions of gadgets) 

r’ In this hour of intellectual confusion and moral chaos the social consei?uenccs of 

science 
) 

he continues have been 
/ 

broug‘ht to the fore and the question is persistently 

asked: Are these consequences so important, beqause of technical applications, that 

,I 
the social interest is paramount over intellec~uzl interest? .ne therq too many 

r i 

i :.. [ 
nations and 

L7 
oo maCy peop1.e overywhera usir 

I 
i 

1 

: 
/ ; I 

+ the instruments 0, a civi,ixatio$ they 
;I I 

h.ave not yatj EChieved? 
i I I 

I- 1 
i I 

/ 
i 

4-e bigger telescodas and cyclotrons(nore poxekful eld\ctron 
i I i I i I i 1 I i f I 

I 
i microscopes [and 

1 11 
ultracen$ifuges) needed ii a world like thisg 

: 1 

"The question arises, Xr Fo;idick Taints out, because science as a technique 



usod bJ mon of good xi11 to do good" 

,.” ! 
II f&i; t'nis, he ;>oints out, is trde of many things in life - The s~~lphonxti~es 

one of the most bcnef'icieat developments of modern medical science came from th6 Sermzr. 

aye . In<,--:; <;p J , but so did mustard gas:- and he might have aedcd the I,!cndelien princi~le5 

of heredity came from the monastery, but so did 2x1 poxder. AS he remarks lf~z.~tly the 

same principles of physics are em$oyod to ;.loint a 500 ton tclascope at a star an6 

used to mirror spiritual insight or to spread false and destructive propaganda. 

The possibility of misuse is not an ar,wxnt for no use at all. Tht ~;k.r;;e~ 
/ 4 

'; ,L u 
Lhat scientists disavos: concern xi-t?? soc~:~l consquences arises fror.: '4-q -ct,r,--rOiv vie:< .A.-- 

4 
‘II ‘I 0 . 

of science. For s cisnce as he says is more than the techn;! ,/ :' f f.(, i/ 
'i 

that cluster about it - more than its inventions and gadgets. It is aen 3ore than 

11 4 ‘I 
the discovery and correlation of no:; facts. Science, said he, is :netLhod, E confidence 

and a faith. I-L is a method of con'i:olled znd racheck.c;d observations and experiments, 

objectively recordad iq;i-th absoiuta honesty. It is a confidence that truth is dis- 

I cm not here concerned vitl: the $A.ioso~hical arguwnts of whether Ffle 



of its intellectual aims or its social ends. They haze never been nccur;ed of j 
i 

. 'irresponsible indifference to social consequences. They have undeniably and ai%.ys 

been in the service of human welfare. 

But I am nox concerned with our moral obligations;l In this hour of national 

u -tJ- &%-i,.‘. i 
serig when our own country - so sniftly and treacherously attacked - has been ,W 

into the most cruel and infamous war in history, me kdividually have loyally pledged 

our services in defense of country, liberty and civilization. This is our dutjr 
/ 

t, ' 
-Jf l)Ji/. 

,xhic.h each will discharge to &he limit of his ability and strength, q national 

obliaation. In these days when the threat of an intellec&al black-out abroad has 
i 

already darkened laboratories and universities hitherto beacons of 'knoxledge, when 

b.1 the mad spirit of conQuest 
/ 

scientists in'vanquished countries have been exiled and 

scholarship enslaved by political ideoloa, we, as members of this scientific organiza- 

tion have another duty - an obligation -CO international science: !"i'e xx need be 

gravely concerned about the future of .science and its share in the world order that 

is"yet to be. 

Only 3 months ago a group of distinguished scientists, 

science and its part in world plannLng after the war. 

di'strected I,or,don to consider the inte,rnationnl reiations of 


